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Ge och e m ical Stability of Daw s onite
Daw s onite  re q uire s  a s ource  of Na (or K), Al, and CO2. Th e  ge ological s e q ue s tration 

e nvironm e nt is  lik e ly to contain ade q uate  Na (brine ) and CO2.Th e  m ain lim iting factor th e n is  
th e  availability of Al and th e  re lative  s tability of daw s onite  com pare d to oth e r Al-be aring 
m ine rals . Inte re s tingly, as  s h ow n in th e  diagram s  be low  (calculate d w ith  Ge och e m is t's  
W ork be nch ), s ilica activity is  als o im portant in re lation to oth e r k e y Al-be aring m ine rals  
(k aolinite , albite , e tc.)

Introduction

Daw s onite , NaAlCO3(OH )2, is  a re lative ly rare  m ine ral th at 
m ay play an im portant role  in th e  ge ologic s e q ue s tration of CO2. 
Num e rical calculations  s uch  as  th os e  of Joh ns on e t al. (2001) 
cons is te ntly s h ow   th at daw s onite  is  a lik e ly pre cipitation product as  
CO2-s aturate d fluids  re act w ith  re s e rvoir and cap-rock  m ine ralogy. 
Daw s onite  is  als o com m only pre dicte d as  a s upe rs aturate d product 
in e xpe rim e ntal s tudie s . H ow e ve r, daw s onite  is  rare  in nature  w ith  
re porte d occurre nce s  num be ring in th e  10's  of localitie s . In th is  
s tudy, w e 've  e xam ine d th e  k ine tics  of daw s onite  pre cipitation from  
s e ve ral alum inum -be aring pre curs ors  and s tudie d ph as e  re lations  be tw e e n daw s onite  and its  K-
analog.

aH CO3 = 1
aNa = 1
aSiO2 = Quartz

aH CO3 = 1
aAl = 10-5
aSiO2 = Quartz

aH CO3 = 1
aNa = 1
aAl = 10-5

aAl = 10-5
aNa = 1
aSiO2 = Quartz

T = 25 oC

T = 60 oC

T = 150 oC
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Ge och e m ical Conclus ions

Daw s onite  h as  a w ide  s tability fie ld as  re fle cte d in num e rical s tudie s  of 
ge ological s e q ue s tration.

Daw s onite  s tability de cre as e s  w ith  incre as ing te m pe rature .
Daw s onite  s tability is  bounde d at low  pH  by clay m ine rals  or Al-h ydroxide s  

and at h igh  pH  by albite .
Daw s onite  s tability is  lim ite d at h igh -s ilica activitie s  by albite .
Daw s onite  m ay form  m e tas tably in th e  albite  fie ld from  clay m ine rals .

Synth e s is  of Na- and K-Daw s onite

A s ynth e s is  m e th od w as  de ve lope d follow ing Z h ang e t al. (2004) w h ich  
w as  optim iz e d to yie ld w e ll crys talliz e d daw s onite . Th e  s ynth e s e s  w e re  conducte d 
in s e ale d Parr ve s s e ls  (uns tirre d) 
containing NaH CO3, NaCO3, NaOH , 
and/or NaCl (or th e  K-e q uivale nts ), 
Al(OH )3 as  analytical-grade  gibbs ite , and 
de -ioniz e d H 2O. W e  inve s tigate d th e  
e ffe ct of Na/Al ratio, ionic s tre ngth , 
te m pe rature , and tim e  on th e  rate  and 
e xte nt of daw s onite  pre cipitation. 

Daw s onite  form s  rapidly at 150 oC 
w ith  th e  re action com ple te  (all of th e  
gibbs ite  cons um e d) w ith in 24 h ours . Th e  
optim al conditions  w e re  Na/Al = 8 in a conce ntrate d NaH CO3 s olution (e .g., 15 g 
H 2O, 6.8 g NaH CO3, 0.78 g Al(OH )3). H igh e r pH  or low e r ionic s tre ngth  le d to 
low e r yie lds  of daw s onite .
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Pre cipitation of Daw s onite  from  Al-Mine rals  in NaH CO3 Solutions

To inve s tigate  th e  k ine tics  of daw s onite  form ation from  Al-be aring m ine rals , 
w e  conducte d s ynth e s is  e xpe rim e nts  us ing a varie ty of re active  m ate rials . Th e  
e xpe rim e nts  w e re  done  in uns tirre d Parr pre s s ure  ve s s e ls  us ing th e  optim iz e d 
daw s onite  s ynth e s is  conditions  (Na/Al = 8, conce ntrate d NaH CO3 s olutions ) at 
te m pe rature s  ranging from  
75 to  200 oC and for tim e s  
up to 3 m onth s . Our 
obs e rvations  include  th e  
follow ing:

Albite , 
m ontm orillonite , and 
clinoptilolite  do not produce  
daw s onite  but re act to form  
analcim e , w h ich  appe ars  
s table  in NaH CO3 
s olutions . Kaolinite  re acts  
re adily to form  daw s onite  +  
analcim e  at te m pe rature s  
as  low  as  75 oC. Gibbs ite  re acts  com ple te ly to daw s onite . H ow e ve r, th e  addition 
of q uartz  to th e  gibbs ite  s ynth e s is  produce d analcim e  +  daw s onite , re ducing th e  
yie ld of daw s onite . Th e  addition of opal-CT h ad th e  paradoxical e ffe ct of 
s tabiliz ing gibbs ite  s o th at a s ubs tantial q uantity re m aine d afte r 4 w e e k s . Th us , as  
indicate d by th e  ge och e m ical m ode ling, h igh  s ilica activitie s  appe ar to lim it th e  
s tability range  or at le as t th e  rate  of form ation of daw s onite .

Kaolinite  at 75 C Kaolinite  at 150 C
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Es tim ating Th e rm odynam ic Prope rtie s  of K-Daw s onite

Analys is  of s upe rnatant fluids  from  s ynth e s is  e xpe rim e nts  s ugge s ts  th at 
th e  s olubility of K-daw s onite  is  gre ate r th an Na-daw s onite . For e xam ple , Al w as  
pre s e nt at 1.5 ppm  in th e  Na-daw s onite  s upe rnatant and 8.1 ppm  in th e  K-
daw s onite  s upe rnatant. As  a m e th od of m ak ing th e s e  obs e rvations  s e m i-
q uantitative , an e s tim ate  of 
th e  s olubility product for K-
daw s onite  w as  de ve lope d. 
W e  us e d Ge och e m is t's  
W ork be nch  to calculate  th e  
s aturation s tate  of Na-
daw s onite  in th e  Na-
daw s onite  s upe rnatant at 
25 and 150 oC, w h ich  
provide d log(Q/K) value s  of 
5.2 and 1.2, re s pe ctive ly. 
W e  as s um e d th at th e  
s upe rnatant for K-
daw s onite  w as  s im ilarly 
s upe rs aturate d. Us ing 
Ge och e m is t's  W ork be nch , 
w e  s pe ciate d th e  K-
daw s onite  s upe rnatant and 
th e n calculate d a s olubility 
product for K-daw s onite  
us ing th e  s upe rs aturation 
value s  of Na-Daw s onite . 
W e  furth e r as s um e d th at 
th e  te m pe rature  
de pe nde nce  of th e  
s olubility of K-daw s onite  
w as  s im ilar to Na-
daw s onite . W e  h ave  us e d 
th e  e s tim ate d s olubility 
product of K-daw s onite  to 
e valuate  our e xpe rim e ntal data and in s tudie s  of th e  pote ntial s ignificance  of K-
daw s onite  in ge ological s e q ue s tration. 
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Crys tal Structure  of K-Daw s onite

Our s ynth e s is  s tudie s  s h ow e d th at K-daw s onite  
h as  a crys tal s tructure  dis tinct from  Na-daw s onite . Th e  
s tructure  of Na-daw s onite  (Im m a) and NH 4-daw s onite  (Cm cm ) are  k now n, but th e  s tructure  of 
K-daw s onite  h as  not be e n publis h e d*. W e  us e d Rie tve ld analys is  to s olve  th e  s tructure  of K-
daw s onite . 

K-daw s onite  crys talliz e s  in th e  Cm cm  s pace group and is  a polym orph  of NH 4-daw s onite . 
Th e  s tructure  is  s im ilar to Na-daw s onite  w ith  ch ains  of Al-octah e dra th at are  cros s -link e d by 
carbonate  groups  and alk ali ions . In Na-daw s onite , th e  carbonate  groups  and Na-atom s  
alte rnate  pos itions  giving ris e  to ch anne ls  th at h old th e  Na atom s . In K-daw s onite , th e  carbonate  
groups  and K atom s  alte rnate  along th e  ch anne ls .

Na-Daw s onite K-Daw s onite

*Follow ing com ple tion of our crys tal s tructure  s tudie s , Fe rnande z -Carras co (2005) publis h e d a s tructure  for K-
daw s onite . Our re s ults  are  in agre e m e nt w ith  th e  ne w ly publis h e d data.
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